Objective: To examine the impact of the Canterbury earthquakes on the important adolescent transition period of school leaving.
T here is substantial literature on the negative sequelae of disasters on mental health. In general, increased rates of depression, anxiety and posttraumatic stress disorder are observed, [1] [2] [3] [4] [5] but the extent of the increases varies significantly. The reason is likely to be multi-factorial. In addition to unique disaster and local environmental factors, study design is also likely to be important. For example, exposure and temporal gradients have typically been seen with more pronounced adverse effects for those with greatest exposure to the disaster and for those in closer temporal proximity, [6] [7] [8] [9] [10] [11] although some authors have also highlighted delayed effects without an improvement in symptoms over time. [12] [13] [14] [15] Studies with the ability to make comparisons with pre-disaster rates of mental illness are rare as most studies are designed opportunistically following disasters. Those studies that could make those comparisons tend to show lesser or non-significant impacts as a result of the disaster, [16] [17] [18] indicating the importance of longitudinal study design in evaluating disaster effects.
The impact of disasters on critical periods of development has received less attention. 19 One such developmental phase relates to school leaving. This is a period of increasing independence and can be an important step in adolescents 'launching' from the family towards adult independent living. Conversely, leaving school early or without qualifications is associated with adverse psychosocial outcomes such as increased rates of later substance use, crime, unemployment and welfare dependency. 20 An assessment of this critical period following a disaster has the potential to provide a signal to health and social services if there are likely to be adverse ramifications over the following decades for the young person, their families and society.
The Canterbury earthquakes adversely affected the delivery of education for most high school students in the area. The earthquakes started with a 7.1 magnitude earthquake on 4 September 2010, with further major earthquakes in February, June and December 2011 and an unusual and protracted aftershock sequence lasting more than two years. The February 2011 earthquake was the most devastating. It resulted in significant loss of life and multiple injuries (182 people died and 6,659 were injured in the initial 24 hours), and widespread damage to property and infrastructure. 21 Most high schools had damage to their buildings and grounds, and some schools in the most affected areas were required to co-locate with a less-damaged secondary school for a number of months. For the co-located schools, all lessons for one high school were held in the first half of the day necessitating early starts, disruption of family routines and bussing of students across town, with similar disruption and late finishing for the other sharing school. Class teachers had to amend their lessons and alter their teaching style to fit into the compressed daily timetable with fewer breaks.
In addition, it is likely that the prolonged sequence of large and frequent aftershocks for months after the main seismic events caused hyper-arousal and disturbed sleep for some students. The effects of disordered arousal on concentration and the laying down of new memories could be expected to negatively affect academic learning and examination performance. 22 In NZ, the main high school qualifications for students in their senior years (years 11, 12 and 13) are the NCEA levels 1, 2 and 3. Attaining these levels requires students to have met a range of internally and externally assessed standards at increasing levels of difficulty. 
School rolls
School roll data based on a 1 July yearly census was extracted from http://www. educationcounts.govt.nz/statistics/schooling/ student-numbers. Results are provided for the high-and low-impact schools over the study period as well as nationally for secondary schools. To present data of different magnitudes, results are reported as a percentage of 2009 rolls.
Earthquake impaired derived grades
For the year of 2011, the New Zealand Qualification Authority (NZQA) gave schools discretion to apply on behalf of students for an 'earthquake impaired derived grade' . These grades were allowed if a student attended their external examinations and made a realistic attempt at answering the questions. The student would then receive the better of their exam result and the derived grade submitted by the school on the basis of performance through the year. In 2011, NZQA also allowed an additional six unspecified credits for Level 3 NCEA (of a required 80 credits) in order to prevent disadvantage at school leaving or entering tertiary education as a result of the earthquakes. The frequency of earthquake impaired derived grades and the use of the six unspecified credits for NCEA Level 3 were requested from the NZQA to assist interpretation of the 2011 data.
Results

School disengagement
For the high-impact zone, the percentage of students leaving school before the age of 17 varied between 20% and 23% over the study period. No trends developed following the onset of the earthquake sequence in 2011.
For the low-impact zone, 13-15% of students left school before the age of 17. Again, there were no trends that could be attributed to the onset of the earthquake sequence. The lower rate of overall leaving in the high-impact zone predated the onset of the earthquake sequence. Canterbury school leaving can be compared with national data that varied from 17% to 21% over the study period and appeared to show a small trend for decreased early school leaving (see Figure 1 ).
Academic failure
For high-impact schools and national comparison schools, there was a trend for fewer students to leave school without NCEA 1 or greater qualification for the years 2009-11. However, for 2011 and subsequent years the percentage of students leaving school without NCEA 1 or greater qualification was stable for the high-impact schools and the national comparison, meaning there were no observable effects that could be attributed to the earthquakes. In addition, no trends were apparent for low-impact schools over the study period. Similarly to the school disengagement outcome measure, performance was poorer overall for high-impact schools than lowimpact schools, but this finding predated the earthquakes. (See Figure 2 ).
School rolls
High-impact schools showed a significant loss of roll for the years 2011-13 to a low-point of 82% of 2009 rolls in 2013. No observable trends were apparent for low-impact schools and national secondary schools over the study period. The average rolls for the highand low-impact schools over the study period were 4,931 and 8,829 respectively. Figure 3 provides longitudinal data on school rolls for these samples as a percentage of 2009 rolls.
Earthquake impaired derived grades
The NZQA advised that the use of earthquake impaired derived grades and six unspecified credits for NCEA Level 3 in 2011 was not recorded in a consistent and recoverable form and as a consequence the extent these tools were used is unknown.
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The purpose of this study was to evaluate the impact of the series of Canterbury earthquakes on the adolescent transitional period of school leaving. The principal outcomes of early school leaving and academic failure were chosen because they represent important measures of overall functioning in an adolescent population that might be vulnerable to the acute and chronic effects of a disaster. If adverse effects were detected, this would provide a signal of pending unemployment, reduced income and later social and health difficulties for an important subset of the population.
Early school leaving (before age 17 years) did not show trends that could be attributed to the earthquakes for electorates in the high-and low-impact zones. This suggests that the earthquakes did not affect this outcome or that any effects were not of sufficient magnitude to be measurable at population level. Similarly, academic failure or leaving of secondary school without NCEA 1 qualification or greater did not show observable trends as a result of the earthquakes.
High-impact schools had poorer performance overall as judged by school disengagement and academic failure, but these findings predated the onset of the earthquake sequence and are likely to be explained by other factors such as socio-demographic variables.
The decile rating for the high-impact schools, weighted for their school rolls, was 5.9 compared to 7.4 for the low-impact schools with the lower decile rating indicating a greater proportion of students drawn from low-socio-economic communities. In NZ, there is a clear relationship between NCEA performance and decile rating with students from low-decile rated schools having a lower average performance. 29 Impaired derived grades were not recorded in a consistent or recoverable form meaning their impact could not be measured. However, these were only available for schools to use in the 2011 year so did not affect longer-term trends.
The study showed that rolls dropped in areas most affected by the earthquakes. The drop in school roll is consistent with information from Statistics New Zealand, which showed that the earthquakes resulted in the total population of Christchurch dropping by 8,900 (2.4%) in the June 2011 year. 30 The large loss of roll for the highimpact schools is probably because these were in areas with the most significant property and land damage, some of which were 'red zoned' , with all residents being required to leave.
It is important to consider the impact of the loss of students from high-impact areas on the study results. It is likely that some of these students moved to other schools within Christchurch and are therefore reflected in data for the low-impact schools. However, the total roll for the low-impact schools did not increase significantly over the period of the earthquakes. It is also likely that some of the students from high-impact schools shifted outside the local region and are therefore represented in the national comparisons provided. The data does not show an increase in students leaving under the age of 17, indicating that early leaving has not contributed to the drop in school rolls observed for the high-impact schools. The school roll dataset did not provide information as to whether or not any particular sub-groups contributed more to the drops in roll, meaning it is feasible that families most negatively affected by the earthquakes were more likely to leave Christchurch. As a consequence, it is possible that if any overall negative effects of the earthquakes have occurred, their presence has been diluted by the much larger numbers in the national comparison groups and are therefore not readily observable.
The study design allowed for an assessment of earthquake effects over an extended time period. This provided the opportunity to delineate earthquake effects from other longitudinal local and national trends. It also meant we could consider whether or not there was a temporal gradient with greatest effects immediately following the earthquakes and decreasing impacts in the years following the earthquake. The study design also allowed us to examine for effects according to greater or lesser degrees of earthquake exposure as greater effects have typically been seen in more exposed groups. 7 Although the largely negative findings are unexpected when the severity of the earthquakes is considered, they are consistent with other local studies 17, [31] [32] [33] [34] examining the mental health of the Christchurch population. These local studies share similar strengths in that they provide long-term data that can delineate earthquake-specific trends from pre-existing trends and examine populations that have not been selected opportunistically in the aftermath of a disaster. In keeping with these other studies, they do not provide explanations as to why small or no impacts are recorded but it is possible to speculate on a number of factors in addition to the methodological factors alluded to above. As stated previously, it is feasible that those most affected by a disaster may have left the area and so not be recorded by subsequent measures examining disaster effects. However, it seems unlikely that only those with negative effects from the earthquakes left the study areas; other explanations are required. Other relevant factors for the absence of negative effects include resilience being the norm 35 when a population is exposed to a disaster, with detrimental effects only being found in for a minority of the population coupled with the possibility that post-traumatic growth 36 improves the mental health of some. It may also be that higher levels of stress as a result of the earthquakes increased attention and focus on education by students, teachers, and schools to compensate for any detrimental effects. There may also be other relevant protective factors following the Canterbury earthquakes that have minimised or countered any negative effects. These include the range of health-promoting initiatives put in place by government agencies in the aftermath of the disaster that have been protective through mechanisms such as increasing community cohesiveness and managing stress.
In summary, measures of early school leaving and educational failure in secondary school students did not demonstrate negative effects as a result of the earthquakes. In addition, we did not demonstrate a temporal or exposure gradient showing poorer performance for the years closer to the disaster or for those in more exposed areas. These negative results may be because the disaster did not have an overall negative impact on secondary school students, or because any negative effects were only present in a sub-population of those exposed to the disaster and could not be detected by this study design. The protective mechanisms put in place in the aftermath of the earthquakes may also have served to mitigate any detrimental effects. These findings can therefore provide reassurance that the adolescent transitional period of school leaving has largely been unaffected by the Canterbury earthquakes.
